Summary
Klebsiella aerogenes was identified as the pathogen in an epizootic of single and multiple abscesses in the cervical, axillary and inguinal regions in laboratory rats. Involvement of the salivary glands in the inflammatory tissue in some cases produced interlobular and interacinar fibrosis resembling 'fibroaden os is', Similar lesions were reproduced with a strain of Klebsiella aerogenes isolated from a diseased rat. Oral carriage of the same strain was detected in the diseased rats, and in normal rats of the same stock. Lymphadenitis appears to have been the primary lesion.
Reports of infections in laboratory rodents caused by
Klebsiella spp. are scanty. This paper describes an epizootic of cervical, axillary and abdominal abscesses caused by K. aerogenes in a colong of laboratory rats.
An added feature of interest in some of the cervical and axillary abscesses was the extension of the infection followed by fibrosis of the adjacent salivary glands which resulted in appearances in the latter which were suggestive of 'fibroadenosis' of the glandular tissue. As far as we are aware, no such K. aero'genes infections in rats have previously been reported.
A note on the use of Czapek-Dox agar for the selective isolation of K. aerogenes from pus is included.
Materials and methods

Animals
All the infected animals were derived from a recentlyimported stock of Sprague-Dawley rats. Experimental reproduction of the salivary gland infection and pathogenicity tests were made on normal rats of the same colony. All rats were freely offered standard commercial rat pellets and water. Infected animals and uninfected 'controls' were killed with diethyl ether and necropsied.
Bacteriology
Microscopy. Intact abscesses were opened under aseptic conditions and smears of the pus were stained Culture. In the initial cases the pus was plated onto sheep-blood agar incubated aerobically and anaerobically, and onto MacConkey and blood tellurite agar, at 37°C. Pus from some of the abscesses with externally discharging sinuses was not cultured on account of the possibility of exogenous secondary infection. From our previous (unpublished) observation that Czapek-Dox (CD) agar was useful in the selective isolation of K. aerogenes, this medium was included in cultures once the causative bacterium had been identified as K. aerogenes. Isolates were identified by conventional methods (Cowan, 1974 
Pathogenicity tests.
A 24 h sheep-blood agar culture of a strain of K. aerogenes which was freshly isolated from one of our infected rats was suspended in sterile 0·9% saline solution and 0·5 ml of the suspension (9 x 10 8 organisms per ml) was infiltrated subcutaneously in the ventral cervical region of uninfected adult rats of the same colony. Virulence of the strain was also tested by injecting 0·5 ml of this suspension intravenously into adult rats.
Determination of the carrier rates for K. aerogenes in the colony. Cottonwool swabs were used to sample the oral cavity of 20 uninfected adult rats of this colony as well as of 21 of the infected rats. These swabs were plated onto CD agar incubated at 37°C for 2 days.
Histology. Tissues were fixed in 10% formol-saline for paraffin-wax embedding. Sections 5 .urn thick were examined after staining with Ehrlich's haematoxylin and eosin or by the periodic acid-Schiff method.
Results
General
The 50 cases examined appeared over a period of about 6 months in a new colony of Sprague-Dawley rats which were bred from stock recently imported for an international collaborative research project. Over 30 additional cases have since appeared. Both males (41%) and females (59%) were affected and the lesions were externally evident when the animals weighed about 150-200 g. At the time of examination the duration of the illness was 2-4 weeks. There was no mortality suggesting a pathogen oflow virulence.
Macroscopic appearance
The distribution according to site and numbers of abscesses in the 50 rats is shown in Table 1 . The abscesses (Fig. 1) were of varying size (1-5 cm diameter) in the ventral, dorsal or lateral aspects of the cervical or axillary regions. Some had ulcerated through the overlying skin, resulting in sinuses which discharged viscid yellow pus. The abscesses were multinodular and multilocular, with thick fibrous capsules adherent to the neighbouring tissues. The adjacent salivary glands and the regional lymph nodes were either adherent to the abscesses or were indistinguishable when the fibrosis had infiltrated into them. The inguinal abscesses had similar appearances.
In only 2 rats with cervical or axillary abscesses did the lungs show pathological changes-the apical lobes were congested but no suppuration was evident. In 3 animals with axillary abscesses the anterior end of the abscesses had extended into the cervical region. abscesses, and 3 axillary which had extended into the cervical region, the glandular tissue was involved to varying degrees in the inflammation so that the fibrous tissue enclosing the abscess lay adjacent to normal salivary tissue in which the compact acinar structure was recognizable (Fig. 2) , or fibrous tissue invasion, which commenced interlobularly, separated large islands of acini which otherwise appeared normal, or else diffuse fibrosis separated the acini to produce appearances of 'fibroadenosis' (Fig. 3) . These last 2 patterns were present in 15 rats. The different patterns were seen in different rats or in different areas of the same rat. In 2 cases, well circumscribed masses of neutrophils with fewer mononuclear cells within the fibrotic wall suggested suppurative lymphadenitis with the possibility that the infection originated in lymph nodes. However, the possibility that the lymphadenitis was secondary to the adjacent abscesses cannot be excluded.
In only 1 case, in which suppuration was present without a recognizable abscess, did the salivary acinar cells appear abnormal. The acinar cells were pleomorphic with atypical nuclei, with many mitotic figures suggestive of adenomatous proliferation and the onset of malignant change. However, no infiltration of the surrounding tissues was noted. This appearance (Fig. 4) was compatible with those of an 'oncocytoma' or 'oncocytic adenoma' (Anderson, 1961) .
Experimental abscesses. Localized encapsulated abscesses, closely resembling the natural ones, were produced about 6 weeks after infiltration of K. aerogenes. Microscopically, the reactions were indistinguishable from those of the natural abscesses ( Fig. 5 ) with a predominant neutrophilic cellular infiltrate, and fibrous encapsulation with extension of the fibrous tissue between the lobules and acini of the adjacent salivary glands. The salivary tissue itself appeared normal.
Bacteriology
Microscopy. Large, Gram negative bacilli with marked capsulation, compatible with a Klebsiella sp., were the sole or predominant microorgansims seen amongst neutrophilic debris in the smears of all 40 cases examined. All these cases yielded K. aerogenes on culture.
Culture: natural lesions. K. aerogenes was isolated in pure culture from 43 of 46 animals from which pus was cultured. In 2 cases with cervical abscesses, a predominant growth of K. aerogenes appeared with a diphtheroid and a Micrococcus sp. respectively, with a 3rd rat from which 3 colonially different species of micrococci were isolated. All the K. aerogenes strains were identical in their cellular, colonial and biochemical characteristics and conformed to typical strains of this species (Cowan, 1974) . The identity of strains recovered from multiple abscesses was also noted.
Carrier rate. In 60% of 20 rats which had no evidence of abscesses or disease, K. aerogenes with the same characteristics as those shown by the infecting strains was isolated from the oral cavity. The same strains were also recovered from the oral cavity of 40% of 21 rats with abscesses.
Selective action of Czapek-Dox agar. CD agar incubated at 37°C for 24 or 48 h provided a clear colonial differentiation of the colonies of K. aerogenes from the other species. There was no reduction in the Arseculeratne, Panabokke, Navaratnam & Weliange counts of Pseudomonas aeruginosa. Salmonella typhimurium, Escherichia coli and Proteus mirabilis; the swarming of Proteus was inhibited. All 4 species showed only pinpoint colonies, contrasting with the large (3-4 mm) mucoid colonies of K. aerogenes. Staphylococcus aureus and Streptococcus pyogenes showed no growth on CD agar in 48 h at 37°C. The differentiation of colonial morphology of K. aerogenes was more marked on CD agar than on Mac-Conkey agar and provided a suitable basis for the selective isolation of K. aerogenes from pus which may be contaminated by these other species.
Antibacterial drug sensitivity. 7 strains, selected at random from the collection of 45 strains isolated from the abscesses, gave an identical pattern of drug sensitivity: sensitive to trimethoprim-sulphonamide, gentamicin, streptomycin; moderately sensitive to chloramphenicol, kanamycin; resistant to sulphonamide, ampicillin, tetracycline, erythromycin.
Discussion
As far as we are aware, there are only 2 published reports (Flamm, 1957; Dennig & Eidmann, 1960) of K. aerogenes infections in rodents (cervical adenitis in mice).
Apart from the epizootic occurrence of our cases, an unusual feature was the histological appearance of the natural abscesses, which involved salivary tissue. The experimental reproduction of identical cervical lesions suggested that this resulted from interlobular and interacinar extension of the subcutaneous fibrosis into the adjacent salivary glands.
The evolution of the natural lesions was identifiable in different animals as well as in different areas of the same animal. In early cases the abscesses appeared to be well demarcated from the normal salivary tissue. In more advanced cases the fibrosis encroached upon the salivary tissue and, terminally, the diffuse fibrosis separated the acini producing the appearances of 'fibroadenosis' of the natural lesions.
The presence in the oral cavity of K. aerogenes with identical characteristics to those of the strains from the abscesses suggested the oral cavity as the possible source of the infection. 2 possible routes of spread of the infection were possible, a primary cervicallymphadenitis followed by spread of the inflammation to the adjacent salivary tissue, or infection through the salivary ducts. That suppurative lymphadenitis could have been the primary lesion is suggested by the experimental reproduction of similar lesions by subcutaneous infection, the development of the abscesses without salivary glandular involvement in other sites such as the axillary and inguinal regions in which lymph nodes are common, the histological appearance in a few cases in which the suppuration was localized to circumscribed areas compatible with lymph nodes, and finally the previous reports of cervical adenitis caused by K. aerogenes in mice.
Virulent strains of K. aerogenes are reported (Wilson & Miles, 1975) to kill experimental mice within 72 h when injected intravenously. The absence of lethal virulence of our test strain by the intravenous route in uninfected rats of the same stock together with the well-marked fibrotic histological reaction, and the extensive spread of the infection in this colony of rats, suggested that the infected rats were predisposed to infection by genetically-determined immune deficiencies. This possibility is now being investigated.
